Avidin is a basic homotetrameric glycoprotein with a molecular weight of 68,000. It has a carbohydrate content of about 10% and a non-covalent but extraordinarily high affinity for biotin (Kd=10-15) (5) . Utilizing this interaction, avidinbiotin systems provide a very powerful tool in modern biomedical sciences and immunocytochemistry (2, 6), although we do not yet fully understand the mechanism termed "affinity" (1) .
In the last two decades, O' Malley and co-workers (18, 19) have demonstrated that avidin induction in the oviducts of an oestrogen-pretreated chick is correlated with progestational potence, and the mechanism for progesterone-dependent avidin production has been elucidated in vitro by modern molecular biology (3, 24) .
However, the site of oviductal avidin biosynthesis remains unclear. The goblet cell in the magnum mucosa of oestrogen-pretreated chick oviducts has been regarded as progesterone-dependent avidin production sites (12, 21) . Contrary to this, a few claims have been made that progesterone-induced avidin production occurred in some tubular gland cells and non-ciliated epithelial cells, but not in goblet cells, of the magnum in the non-laying 12-week-old chickens (26) . So far it is not known why pro-gesterone-dependent avidin is produced by the different types of cells in the oviduct.
More recent studies employing biotinylated-enzymes for cytochemical localization have demonstrated that endogenous biotin-binding (EBB)-activities in the oviduct tissue are seen in the tubular gland cells and epithelial seromucous cells in the lower magnum of healthy laying hens (10) . In the latter investigation, however, some problems remain in evaluating the affinity cytochemistry, because the suppression of EBB-activity has failed in tissues fixed with acid-ethanol, even after a treatment with biotin. In addition, a stained heterogeneity in the luminal epithelium has been found between the biotinylated-enzymes used (horseradish peroxidase and placental alkaline phosphatase).
The purposes of this investigation are to select the most satisfactory fixative to make the suppression test complete for evaluating the biotin-affinity cytochemistry, to examine various segments of laying hen oviducts before and after the passage of the yolk, and to discuss the proposed cellular differentiation of avidin-containing cells which may derive from the Mullerian duct cells.
MATERIALS AND METHODS

Biotinylated-enzyme and anti-avidin antibody
Biotinylated-horseradish peroxidase (B-HRP) and biotinylated-placental alkaline phosphatase (B-AP) were prepared via biotin-hydrazid and biotin-N-hydroxysuccinimide, respectively (10) . The preparation and monospecificity of the antisera to avidin (EY Laboratories) were described previously (11) . Immunohistochemical specificity was evaluated by substituting diluted pre-immune rabbit serum for the primary antibody. Sections were washed in distilled water, counterstained with 0.1% Methyl Green, and mounted in balsam.
RESULTS
Selection of fixative and the evaluation of suppression tests
Buffered paraformaldehyde containing glutaraldehyde satisfied the criteria for the selection of fixatives with regard to tissue avidin preservation and positive evaluation of the EBB-activities by pre-incubation with biotin prior to specific stainings. Affinity-histochemical stainings after fixation with Bouin's, 10% neutral formalin and 10% formalin-ethanol were much paler at this same concentration of biotinylated-enzymes. Additionally, variable amounts of the non-specific staining were unacceptably high, even after suppression by biotin, when acid-ethanol, Bouin's, Carnoy's and 10% formalin-ethanol were used. Biotin-affinity histochemical studies Large EBB-activities were easily visible within the cytoplasm of acinar cells of the magnum studied, excluding the upper segment of the magna (Figs. 3A, 3B, 4A, 4B) . The staining intensity and pattern with B-HRP was more prominent than that achieved with B-AP techniques. Stained profiles of the middle magnum acini varied considerably with different tissue samples indicating a mosaic-like appearance (Figs. 3A,  3B ), but were homogeneous in the acid-ethanol fixed sections (Fig. 1) . Some deep epithelia of crypt-constituents were positively stained, an&were clearly visible with different tissue samples of the magna studied. However, the goblet-like mucous cells of the magnum were negatively stained for EBB-activities before and after the passage of the yolk.
Definitive endogenous biotin-binding sites could be similarly demonstrated by both B-HRP and B-AP methods within the cytoplasm of tubular gland cells and epithelial seromucous cells in the intermediate portion between the magnum and the isthmus (Figs. 5A, 6A, 6B) , and in the isthmus (Figs. 7A, 7B ) before and after the passage of the yolk. Its mosaic-like staining pattern was also easily visible. The ma-jority of solitary-tall non-goblet seromucous secreting cells in these portion were confined to EBB-activities. Intracellular EBB-profiles were more prominent in the apical cytoplasm. However, all of the luminal lining cells and tubular gland cells did not always show a positive reaction. Biotin-binding sites were never seen in ciliated cells and the goblet-type cells along the length of the oviduct.
In the biotin-affinity histochemistry, the different controls to assure the complete reliability of the reaction were successfully imposed. In particular, pre-incubation with biotin was found to be the most satisfactory procedure for evaluating the suppression of endogenous biotin-binding activities. Immunoperoxidase studies Scattered deposits indicating immunogenic avidin were present within the cytoplasm of almost all of the tubular gland cells in the oviduct mucosa (Fig. 2) . PASpositive seromucous/non-ciliated epithelial cells showed positive staining reaction varied considerably with different tissue samples. In contrast to the staining pattern of EBB-activities, coarse granular reaction-products after immunostainings spread throughout the glandular cytoplasm. No positive reaction could be found in the FIGs. 1, 2. Endogenous biotin-binding sites stained with biotinylated-alkaline phosphatase ( Fig. 1) and immunogenic avidin ( goblet-type mucous cells and ciliated cells. The surface coat covering the cilia and cytoplasmic projections was also stained in every section selected (Figs. 2 , 5B). Control sections in which the primary antibody had been substituted by pre-immune sera were completely negative.
DISCUSSION
In the present investigation, the use of biotinylated-horseradish peroxidase and biotinylated-alkaline phosphatase staining methods in combination with a suppression test with biotin reveals endogenous biotin-binding sites cytologically identifying the laying hen oviduct. The clear-cut and specific stainings for EBB-sites were more prominent in the cytoplasm of tubular gland cells in the lower parts of the oviducts. Smaller EBB activities in the middle magna were also consistently associated with the tubular gland cell. Although the latter acinar cells have been regarded as the sites of major protein production such as ovalbumin, lysozyme, ovomucoid (trypsin inhibitor and ovoinhibitor) etc. (8, 9, 25) , it is apparent that these cells also concomitantly produce avidin/endogenous biotin-binding protein. The EBB-sites were also clearly demonstrated in the PAS-positive seromucous cells of the magnum and the isthmus studied. Such granular cells correspond to electron dense glycoprotein inclusions (23) . Unlike the case of progesterone-dependent avidin production in the immature chicken oviduct, EBB activities were restricted to the non-goblet cell of luminal epithelium in the lower magnum and the isthmus selected (12, 20) .
The presence of EBB sites in the tubular gland cells corresponds to those obtained by immunoperoxidase methods in which homogeneous staining of the oviductsegments are studied. Such histochemical heterogeneities yielded by both techniques probably arise from differences either between the antigenic determinants and biotinbinding residues of the molecular structure of avidin, or between precursors which are immunogenic to avidin-antibody and other biotin-binding proteins. In fact, progesterone-independent avidin production in the chick oviduct accompanies tissue trauma, inflammation, actinomycin D, prostaglandins (above PGF2a), or cyclic GMP (15) (16) (17) . In addition, White et al. have discovered another biotin-binding tetrameric glycoprotein in the laying hen (13, 14, 28) . This protein transports biotin from the plasma to the developing oocyte and is saturated with biotin rather than egg-white avidin, which is essentially in a biotin-free state (5) . Differences in amino acid composition, antigenic determinants and biotin-binding activity indicate that these two biotin-binding proteins probably come from separate genes (14) . However, it is very difficult to evaluate how these factors regulate the avidin/EBB-protein production in the same oviduct cells of oestrogen-pretreated chickens and hens, or in the extraoviductal cellular constituents.
In 1984, Baulieu et al. purified progesterone-receptor proteins from chicken oviducts pretreated with oestrogen, and studied the appearance of messenger-RNA for avidin after activation of the gene by the progesterone receptor-hormone complex (7, 22, 27) . At the same time, they found that progesterone-receptor proteins were localized in both the tubular gland cells and the luminal epithelial cells of oestrogenpretreated chick oviducts, but were localized in the progenitor cells of immature untreated chickens, as revealed by an indirect PAP-immunohistochemistry method (4) . The localization of progesterone-receptor proteins is identical to the site of EBB-ac-tivities/avidin obtained in the present study. We are now faced the prospect of a new hypothesis that progesterone may not only induce the cellular differentiation of undifferentiated epithelium into the functional seromucous cells, but also induce the production of avidin and the other proteins including the major egg-white proteins. This hypothesis is based on the following data. Once tubular gland cells are formed by the protodifferentiated gland cells derived from progenitor cells, as seen in the mature hen oviducts, progesterone can induce avidin production in their cytoplasm. In addition, it can substitute for oestrogen to maintain the functions of tubular gland cells. Furthermore, in immature oviducts without tubular gland cells, progesterone can stimulate cellular differentiations of progenitor cells into seromucous cells (including goblet-like cells) and ciliated cells, and can evoke the potential to produce avidin in their cytoplasm (20, 26) . As a conclusion of this discussion, the EBB-protein/avidin found in this study might be produced in the oviduct-progestational responses, at least, of laying hens depending on the reproductive rhythms.
